Previous studies have established cross-cultural methods to screen for ageing-related dementia and susceptibility genes, in particular Alzheimer's disease (AD) among the Canadian Cree, African Americans and Yoruba in Nigeria. We determined whether the Community Screening Interview for Dementia (CSID), translated into Kikuyu, a major language of Kenya, could be used to evaluate dementia of the Alzheimer type. Using two sets of coefficients of cognitive and informant scores, two discriminant function (DF) scores were calculated for each of 100 elderly (>65 years) Nyeri Kenyans. When the cut-off points were selected for 100% sensitivities, the specificities of the DF scores were remarkably similar (93.75%) in the Kenyan sample. We propose the adapted CSID can be utilised to detect dementia among East Africans. We also show that apolipoprotein E 4 allele frequencies were high (∼30%) and not different between normal subjects and those with probable AD. There was no evidence to suggest years of education or vascular factors were associated with dementia status.
Introduction
The "greying" of the developing world is predicted to rise despite deaths due to malnutrition, poor economy, civil war and infectious diseases. The World Health Organization (WHO) predicts that by 2025 about three-quarters of the estimated 1200 million people aged 60 years and older will be living in developing countries (WHO, 2002) that bears a heavy cost in care (Wimo et al., 2006) . Alzheimer's disease (AD), as one of the main causes of dementia, is also expected to rise in the developing countries given the increasing demographic transition (Evans et al., 1989; Ferri et al., 2005) and prevalence of vascular disease (Kalaria, 2000 (Kalaria, , 2003 . Recent studies have shown the importance of both genetic and environmental factors (Brayne, 1991; Hendrie et al., 2006) . A valuable approach to the study of genes and environment and their interactions is to compare the disease in different environments using similar techniques. Cross-cultural studies pose major methodological and screening problems owing to differences in language, culture, and levels of education and literacy Osuntokun et al., 1992) . In certain communities more than 80% of elderly may not read 0197-4580/$ -see front matter © 2008 Elsevier Inc. All rights reserved. doi:10. 1016 /j.neurobiolaging.2008 .06.014 C.-H. Chen et al. / Neurobiology of Aging xxx (2008 xxx-xxx or write . Various proposals have been made to standardize cognitive assessments and dementia estimates (Ferri et al., 2005) , due to differences in culture and language (Buschke et al., 1999; Evans et al., 1989; Jorm and Jacomb, 1989; Maj et al., 1991; Prince et al., 2004) . Hendrie et al. (1993) have developed a community screening instrument for dementia (CSID) for use in populations with different cultural and linguistic identities including the Cree-speaking natives living on reserves in Manitoba and in Winnipeg, community-dwelling African Americans in Indianapolis and the Yoruba in Ibadan, Nigeria. The latter two communities with similar ancestries but widely differing environments (Grant, 2001; Hall et al., 1996; Hendrie et al., 1995 Hendrie et al., , 2001 Osuntokun et al., 1992) . The CSID has also been widely used, albeit effectively abridged, in the highly successful screening of dementia and AD in diverse populations of developing countries within the 10/66 studies conducted in more than 25 centres worldwide (Prince et al., 2007) .
The aim of this study was to evaluate the utility of the CSID in diagnosing AD in a rural population sample in Nyeri, Kenya. The Kikuyu version of the CSID was administered to both the subjects and their informants, identified through nonrandom methods from registers at the local General hospital. Sensitivity and specificity of the CSID in the Nyeri sample of the elderly was compared to that obtained in Indianapolis and Ibadan . We also investigated vascular risk factors and the apolioprotein E (APOE) genotypes in the prospectively assessed Kikuyu sample to compare against others from developing countries.
Materials and methods

Subjects and location
The pilot sample comprised of 100 Kikuyu Kenyans aged 65 years and older from the Nyeri district. The assessments were performed on 84 controls and 16 demented subjects, and 100 informants, who were close relatives (or jamaa). Both subjects and their informants were identified from medical contacts through referrals at the Nyeri Provincial General Hospital (NPH) and a private clinic (MKK) in Nyeri town. Some cognitive impairment or reported memory problems was suspected in certain individuals invited to be screened. Table 1 shows the demographic statistics of the subjects by age, gender and education. None of the subjects assessed in the study were HIV positive or had AIDS. There was a rather negligible refusal rate (2%) to participate in the study. At beginning of the CSID interviews, a standard consent form was reviewed and signed by each subject. The project was also approved by the Office of the President, Republic of Kenya, the internal review board of NPH, the Provincial Medical Officer's department and the registrar of births and deaths.
Nyeri is the main town situated 60 miles of north of Nairobi within a rural community in the Central Province of Kenya. At an elevation of 5800 ft, Nyeri and its residential environs are set in the Aberdares foothills with extensive small farms (vegetables and fruit), and modest manufacturing industry for soft drinks, ropes, clay and concrete products. Majority of the people are Kikuyu, whose main occupation is small hold farming. The main languages in Nyeri are Kikuyu, Swahili and English. The 1989 Central Bureau of Statistics survey indicates that the District comprised 130,541 households with a population of 607,292 and the age stratified data (65-80 plus years) revealed 28,803 above 65 years, comprising 4.7% of the population. Data (1999 Data ( -2004 from the Registrar of births and deaths in Nyeri indicated that the three leading causes of death, which varied little, in the elderly >60 years with no apparent gender trends were heart disease (23%), pneumonia (20%) and cancer (14%).
Age determination
The age of each subject in our study was confirmed by the Riika (or Mariika) system recognized to be the most efficient system known nationally for age determination (www.kenyaweb.com). Briefly, every Kikuyu person must know his or her Riika, i.e. their initiation into adulthood. For males this takes place at15 years and for females at 12 years. The initiation year is designated by an event known to the region and the specific Riika is established by the elders Numbers show mean ± standard deviation (S.D.) with minimum-maximum range in parentheses in years. * Ten of the controls were showed some cognitive impairment but were not considered to have frank dementia. For comparison, in the Ibadan (Yoruba) a sample of n = 50 the mean age was 73.5 ± 8.1 years with 46% women and in the Indianapolis sample for n = 50 the mean age was 72.2 ± 5.7 years with 72% women. The % educated for 1-8 years were 20% in Ibadan and 40% in Indianapolis . and informed to the community dwellers. For example, for the given event or introduction of an item, Njanjo (vaccination) = 1917 meaning that male subject was 98 years old in 2000. Similarly, Ndege (aeroplane) = 1927 equivalent to 88 years in 2000, Kababa Njabani (Japanese goods) = 1937 equivalent to 78 years in 2000 and so on. During the initiation ceremony, the eligible males and females in an area come together. Thus, members of a particular Riika class know one another and the social position and standing of each person is determined in the presence of others. In an urban setting, it would be possible for the older person (mzee) to lie about their Riika and not be discovered but in a rural setting it would be impossible to do so as the persons with the same Riika may live nearby and interact. The margin of error in the Riika system is calculated to be ±2 years (Muriuki, 1974) . However, our experience showed that the respective spouse and relative independently knew the subject's Riika, with complete agreement in all the subjects. The validity of the birth year was tested in 20% of the subjects who carried national identity cards lawfully required by every Kenyan.
Interviewer training and screening design
The CSID was administered to each subject and to one informant. Except for minor modifications related to cultural aspects, seasons (summer or winter only) and names of common fruits, for example, the Ibadan version of the CSID was used WHO, 1984) . The CSID was translated from English to Kikuyu and was then independently back translated to English for an accuracy check. A Swahili version of the CSID was also produced for occasional use as a reference. This was to obtain clarity of meaning of some Kikuyu terms derived from Swahili, which most informants also spoke as the second language.
We used a similar paradigm for first and second phase screening to that established at previous sites Hall et al., 2000) . The CSID interviews (with subject and jamaa) and more than 80% of neuropsychological testing took place at home. Inter-rater reliability between interviewers was calculated to be similar (>95%) to that experienced previously in Ibadan . Only in the case of controls, we experienced a refusal rate of 2% for participation in the study.
Clinical examination and dementia diagnosis
For the clinical phase, subjects were examined (MMK and PK) at a clinic in the NPH with the spouse or jamma. The protocol involved a general physical examination and brief neurological, and psychiatric evaluations. None of the subjects was taking medications that may have impaired his or her performance on the CSID. Five of the impaired subjects were also scanned (head CT) at the MRI Diagnostic Centre in Nairobi on separate occasions.
As previously established (Hendrie et al., 1995) , the ICD-10 and DSM-IIIR diagnostic criteria for dementia and dementia subtypes and the clinical dementia rating (CDR) scale were used to confirm dementia in suspected subjects. Consensus meetings (MMK, PK, SG, and RNK) were held to review all the cases. The inter-rater reliability of 95% was apparent in the sample assessments given there was disagreement on five cases (whether cognitively impaired or demented) out of 100 evaluations (KH, FU, RFP and RNK).
Laboratory analysis
To obtain standard clinical laboratory values (Avenue Clinical Laboratories, Nairobi), 10-20 ml sample of blood was taken from each subject in EDTA tubes at the time of the clinical exam. B12, folic acid or thyroid function were not determined but each specimen was screened for HIV per WHO procedure and tested for syphilis to rule out CNS involvement using the VDRL (Venereal Disease Research Laboratory) and RPR (Rapid Plasma Reagin) methods.
APOE genotyping
For genetic analysis six drops (∼50 l) of blood from each subject were spotted on filter (Gutherie) paper cards, which were air-dried for 15 min and individually collated in air-tight sealed bags for DNA analysis (Yang et al., 1996) . As soon as the blood samples were cleared to be negative for HIV or VDRL (see above), filter cards were shipped to Newcastle for genotype analysis. DNA extracted from blood spots of 91 individuals was amplified by PCR to determine APOE genotypes and allele frequencies essentially as described previously (Premkumar et al., 1996) .
Statistical design and analysis
The two resulting scores of the CSID from each subject and informant relative, i.e. cognitive and informant scores, were computed to derive the discriminant function (DF) score for each subject using the equation DF score = 0.4523 − 0.016699 × COGSCORE + 0.030338 × RELSCORE, to derive the combination of cognitive and informant scores that best discriminates between demented and non-demented subjects Hendrie et al., 1993 Hendrie et al., , 1995 .
To accomplish multiple-site comparisons, we simply compared the two DF scores for the subjects in the Nyeri data: one DF score was calculated using the DF derived from the Indianapolis-Ibadan sample, and the other was calculated using the DF that we derived from the Nyeri data alone:
Since the two DF scores have different scales and ranges, their ranks rather than the original scores were compared. We tested the difference between the distributions of the two ranks. If they were statistically different from each other, then we might choose the DF that had higher power, when appropriate cut-off points were chosen. To evaluate the agreement of the ranks of the two DF scores, Wilcoxon's signed-rank test was used to test the difference between the ranks of two DF scores. In addition, we estimated the total percentage of disagreement between the two ranks, using percentiles as cut-off points.
In order to assess the ability of the DF scores to separate AD subjects from controls, sensitivity, specificity, and total errors in classification (1-sensitivity ± 1-specificity) were estimated at various cut-off points. An empirical receiver operating characteristic (ROC) curve was computed for the two logistic regression models that correlated with the clinical diagnosis of the two studies DF scores. The area under the curves was also computed for each logistic regression model . Since there was no significant difference between the distributions of the rank of the DF scores, we were justified in using cut-off scores derived from the previous study . The set of cut-off points of DF scores was chosen to maximize the specificity when sensitivity is set at 100%.
Standard statistical was performed using the SPSS v.10 software (Chicago, IL, USA). Comparisons between categories and numeric variables, e.g. ages, laboratory values were assessed by the two tailed t-test and Mann-Whitney U-test. Associations between numeric variables were determined using the Spearman's rank correlation analysis (coefficient estimate r). Significance was considered at a probability (p) value equal or less than 0.05.
Comparisons of the distribution of APOE genotypes and allele frequencies in the two groups were performed using Pearson's chi-square (χ 2 ) and Fisher's exact tests. Unless otherwise stated, the allele frequency comparisons between groups for each of the three alleles were determined in the absence and presence of at least one APOE allele (Premkumar et al., 1996) .
Results
Clinical features, cognitive assessment and discriminant function scores
The mean age of the normal control and demented subjects in the Nyeri sample was 69.7 and 76.4 years ( Table 1) . The oldest intact and demented individuals, albeit men were 92 and 96 years old. The average period of dementia was 7 years. Of the 84 controls, eight subjects showed mild cognitive impairment or cognitive impairment with no dementia. There were no significant differences in age between the samples from the Nyeri and Indianapolis-Ibadan studies (two-sample t-tests, p > 0.05). In the Nyeri sample the mean age was 70.7 years whereas in the Ibadan and Indianapolis samples mean ages were 73.5 and 72.2 years.
In Nyeri, the average period of formal education was 2.4 years among the controls versus 2.0 years in the demented group. Generally, women were less educated by one year (Table 1) . Despite a rural environment the overall level of education of subjects in Nyeri was slightly higher than in Fig. 1 . The ranks of the two DF scores based on the Nyeri, Kenya and Indianapolis, USA and Ibadan, Nigeria models. The numbers represent the status from the clinical diagnosis. For controls: 0 for cognitively normal (n = 74) and 1 for cognitively impaired but no dementia (n = 10). Cases are shown as 2 and met criteria for dementia (n = 16).
Ibadan. In Kenya, 45% were without formal education and 55% with an average of 4.0 years (±2.4) but in Ibadan 80% were without formal education. In contrast, in Indianapolis subjects had significantly higher levels of education vis a vis 40%: 1-8 years, 50%: 9-12 years, 10% > 12 years.
Among the non-demented group, we found following distribution of non-communicable conditions: 13% diabetes, 10.9% hypertensive, 7.6% angina, 1% heart attack, 2.2% at least one stroke and 1.1% depressive illness. Although these conditions occurred less frequently (<1%) in the demented group there were no apparent differences in frequencies.
Whereas 39.1% of the non-demented group had ever used alcohol, only 6.6% of the demented group had used it. However, 23.9% of the controls regularly drank alcohol compared to 3.0% of the demented subjects. Similarly, 40.2% of the normal group smoked tobacco compared to 3% of demented subjects. Fig. 1 shows the ranks of the two DF scores based on the Nyeri and Indianapolis-Ibadan models. The Wilcoxon's signed-rank test indicated no significant differences between the ranks of the two DF scores (p = 0.42). Table 2 shows the estimated total percentage disagreement between the ranks of the two DF scores, using every 10 percentile cut-off points. The estimated 97.5% upper limit of disagreement is 0% at the 90th percentile and 5.45% at the 80th percentile, based on the binomial distribution. The percentage disagreement between the ranks of the two DF scores was at most 4% in upper 20% which corresponded to 5.45% for the 97.5% upper limit. The two DF scores gave roughly the same result when the cut-off point was chosen in the higher 20% (80th-100th percentiles) of ranks of the DF scores. By design, the higher DF score indicates a higher probability of being demented and with AD, indicated that the Indianapolis-Ibadan DF can be applied to the Nyeri study. The numbers show the proportion of disagreement of subjects being categorized into different statuses (AD and non-AD) based on the ranks of the two DF scores when the cut-off point is chosen as the 10th to the 90th percentiles. The estimated 97.5% upper limit of disagreement was to estimate the percentage of subjects categorized into different status (AD and non-AD) based on the ranks of the two DF scores at each percentile. The categorized statuses of subjects based on the ranks of two DF scores are similar when the cut-off points at both ends the distribution. Thus, it was less than 4% if the cut-off point is at the 10th and 90th percentiles and less than 6% at the 20th and 80th percentiles.
We determined the sensitivities and specificities for the two sites when the total error in classification was less than 40% (37.5% precisely). When the sensitivity is fixed at 81.3%, the specificity of the Nyeri DF score is 92.9%. However, when the sensitivity is fixed at 87.50%, the specificity of the Nyeri DF scores is 75%. Fig. 2 shows that the ROC curves of the two models were remarkably similar and the areas under the curves were not different (Nyeri = 0.911 and Indianapolis-Ibadan = 0.913).
Blood chemistry and APOE genotypes
Except for the MMSE scores, there were no significant differences in any of the mean values including haemoglobin (Hb) and lipids between the demented and control groups (Table 3) . There was a tendency for increased triglyceride and cholesterol concentrations in the demented subjects but differences were not significant (p = 0.062). Five subjects (three controls and two demented) were severely anaemic indicated by <10 dg/L of Hb concentrations, which correlated (p < 0.01, Spearman's rho) with their haematocrit values. None of the subjects were positive for HIV or syphilis.
More than 80% of the Nyeri Kikuyus carried the APOE 3/3 and 3/4 genotypes, with 3/4 genotype as the most common genotype (48% versus 40% of 3/3). There were no individuals with the rare 2/2 genotype, only two with the 2/3 and two with the 2/4 signifying high frequency of 4 allele in the sample. None of the demented subjects was homozygous for the 4 allele. By contrast, the 4/4 genotype was carried by five control subjects, who were between 65 and 75 years of age with no signs of cognitive impairment. The APOE 4 allele frequencies were higher than 30% (50 alleles in each sample) in both controls and demented subjects (Table 3) , with no significant differences in distribution between the groups. For the total sample, odds ratios for dementia were 0.93 (95% CI 0.60-1.44) if at least one copy of 4 allele was present and 0.94 (95% CI 0.79-1.10) for the 3 allele. In keeping with the Ibadan Nigerians, there were no differences in the 4 allele frequencies between the demented (with probable AD) and normal Nyeri Kikuyus (Table 3 ). We also found that the APOE genotypes did not show any meaningful relationships with lipid levels or any of the vascular risk factors including hypertension, cardiovascular disease, diabetes and stroke.
Discussion
Our study carried out in the Nyeri district among life time residents demonstrates that the performance in the CSID is comparable to what has been published based on Indianapolis-Ibadan screening outcomes (Hendrie et al., 1995 (Hendrie et al., , 2001 . We have extended the clinical utility of the CSID in a previously never studied elderly Kikuyu African cohort in Nyeri, Kenya. We also determined that the DF based on the previous studies could be applied to data using the CSID in Kikuyu. We showed if the sensitivity was assigned to be a 100% the specificity is nearly 90% for the detection of dementia, specifically probable AD. This analysis clearly allows us to compare the data from Kenya to the previous studies based on the similar measurement scales (Prince et al., 2007) .
Our study also affords an opportunity to investigate risk factors for AD in the Kikuyu and by extension in other east African peoples such as the nomadic Maasai from different cultures and environments using similar techniques. These screening methods may also be used to examine familial AD in African populations (Heckmann et al., 2004) . Besides genetics, other risk factors that would be particularly important to explore in the context of the developed communities include physical characteristics such as head circumference (Borenstein et al., 2005) and leg length (Mak et al., 2006) , dietary trends and physical, and mental activities (Borenstein Haematological values (normal range values) Red blood cell count (male: 4.3-5.9 × 10 6 ; female: 3.5-5.5 × 10 6 ) 4.8 ± 0.5 (3.3-5.8) 4.7 ± 0.6 (3.7-5.5) Haemoglobin (male: 13.5-17.5 g/dL; female: 12.0-16.0 g/dL 14.2 ± 2.4 (4.8-18.5) 13.7 ± 2.9 (4.4-16.6) Haematocrit (packed cell volume) (male: 41-53%; female: 36-46%) 43.8 ± 4.7 (30-55) 43.1 ± 4.8 (37-55) White Blood Cells (4.5-11.0 × 10 6 total) 6.1 ± 1.9 (1.2-13.2) 6.0 ± 1.4 (2.2-7.8)
Lipids
Triglycerides (0.4-1.8 mmol/L) 1.8 ± 1.0 (0.7-5.7) 2.4 ± 1.9 (0.8-7.7) Cholesterol (3.6-6.5 mmol/L) 4.7 ± 1.1 (1.2-6.8) 5.3 ± 1.4 (3.3-8.7)
Other Glucose (3.8-6.1 mmol/L; 2 h postprandial <6.6 mmol/L) 6.4 ± 3.5 (3.7-16.9) 6.2 ± 3.5 (4.3-18.3) Total proteins (6.0-7.8 g/dL g/dl)
7.8 ± 0.9 (6.2-10.4) 7.9 ± 1. Demented group consists of cases with diagnoses of probable AD. c MMSE scores were significantly different (p = 0.000). Ten control subjects had a score below 15 but were considered unimpaired by CSID criteria. d There were no differences in the distribution of APOE alleles between AD and controls. e For comparison, reported data from our previous studies Gureje et al., 2006; Morgan et al., 1998; Osuntokun et al., 1995; Sayi et al., 1997; Stewart et al., 2001) compared to the Ballabgarh Indian study (Ganguli et al., 2000) shows APOE 4 frequencies were not significantly increased in AD group. f p < 0.05 by χ 2 analysis (Ganguli et al., 2000) . Ogunniyi et al., 2006) . Although vascular factors such as hypertension, history of altered cholesterol or triglyceride levels, hyperinsulinanaemia, diabetes and adiposity (body mass index) have been investigated in several developed nations, it is little known whether these factors alter prevalence and incidence of dementia in middle to low income countries (Farrag et al., 1998; Hendrie et al., 1995 Hendrie et al., , 2001 . Indeed, a larger sample should also provide possibilities to explore the effects of increasing prevalence of stroke (Hachinski et al., 2006; Kalaria and Ballard, 2001; Richards et al., 2000) and depressive illness on cognitive function (Green et al., 2003) and depression frequency itself (Baiyewu et al., 2007; Prince et al., 2003) which comprises a large burden of mental health in Africa (WHO, 2002) . Our prospective data shows high APOE allele frequencies in cognitively intact elderly Nyeri Kenyans >65 years of age and a lack of correlation between 4 allele frequency and probable AD. These new findings in controls accord with previous retrospective data in East Africans Sayi et al., 1997) . APOE 4 allele occurrence, the so-called ancestral allele, has also been reported to be high in other African and non-African peoples. Frequencies were reported to be as high as 41% in Pygmies of Central African Republic, 37% in Khoi San of Southern Africa, 24-26% in the Aborigines of Malaysia and Australia, 37% in Papuans, 28% in some Native Americans and 31% in the Lapps and at the higher end of the spectrum at 14.3% and 15.5% in Africans from Ethiopia and Benin compared to the Caucasians Farrer et al., 1997) . By contrast, certain people exhibit very low frequencies of the 4 allele at 3.5% in the Wadi Ara Arabs in Israel and 7% in the North Indians of Ballabgarh (Ganguli et al., 2000) .
In a meta-analysis encompassing data from several countries, Farrer et al. (1997) reported the APOE 4 allele represented a major risk for AD in both genders in almost all ethnic groups across all ages between 40 and 90 years although the allele was not associated with AD in Italians >81 years (Scacchi et al., 1995) . The relationship is weaker or inconsistent in African Americans and the Caribbean Hispanics (Farrer et al., 1997; Romas et al., 2002) . Among the African-Caribbeans of largely Jamaican origin (78%), the APOE 4 allele was weakly associated with cognitive impairment. Frequencies of 4 were in the range 27-33% in the unimpaired group (Stewart et al., 2001) . However, this is at variance with Nigerian Africans as we demonstrate in the Kikuyu Kenyans. Similar to autosomal dominant genes associated with AD (Heckmann et al., 2004) , the APOE 4 allele also does not appear to increase risk of AD in certain communities with high consangunity such as the Wadi Ara Arabs in North Israel . The lack of effect of 4 allele as a susceptibility factor for probable AD in Yoruba, Bantu and Nilotic Africans Heckmann et al., 2004; Osuntokun et al., 1995; Sayi et al., 1997) is unclear. The 4 allele has been suggested to be the 'thrifty' allele in that exposure of APOE 4 to the contemporary environmental conditions including dietary habits and sedentary life styles could have induced it a susceptibility factor for AD and coronary artery disease (Corbo et al., 2006) .
Our sample was relatively limited in size but provides sufficient base data to explore potentially interesting risk factors for AD and other dementias in developing countries. Although not expected there were differences in levels of education between the Nyeri and Ibadan samples. In Nyeri, the elderly were marginally but significantly more literate, particularly the men. The level of basic education, literacy and mental activity as protective factors for cognitive impairment need to be investigated within peoples in developing countries. We could not adequately address the contribution of plasma factors such as homocysteine (Bowirrat et al., 2002) or Hb (Pandav et al., 2004) but assessing cognitive impairment and dementia in communities living in the developing world with reliable thoroughly tested methods opens up several future possibilities. In this context, the 10/66 dementia research group have published relevant protocols with similar goals (Prince et al., 2007) . Our data, however, demonstrate that instruments such as the full CSID can be adapted for use in sub-Saharan Africa.
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